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ABSTRACT 

An objective method is presented  for  predicting the occurrence of wint.er time precipitation  during the 24-hour 
period beginning at 0730 EST at Atlanta, Ga. Variables measuring  moisture, temperature advection, and flow 
pattern from the 850- and 700-mb. pressure charts are combined through  the use of scatter diagrams to determine 
the forecast. On independent data  and in actual use, these forecasts are compared with the official forecasts for the 
same  time  and periods. The results show decided improvement in accuracy and skill as well a8 fewer large errors. 
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This study is primarily concerned not  with an explana- 
tion  of the causes of precipitation, but with an evaluation 
in somewhat more detail than  has heretofore been done 
of the importance of some of the meteorological variables 
taken from the 850- a.nd  700-mb. pressure charts  that 
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are associated with the subsequent occurrence of pre- 
cipitation or no-precipitation a t  Atlanta, Ga. These 
variables are combined through the use of scatter dia- 
grams to determine a forecast by  an objective procedure. 
This method is not  intended to make the forecast, but  to 
serve the forecaster as  an aid in quickly and easily evaluat- 
ing some of the variables entering into his forecast, He 
must still call upon his judgment and experience in weigh- 
ing  and combining into a final forecast other  factors 
which have  not been considered here, such as  the surface 
analysis, deepening or filling of systems, abnormal move- 
ments of systems, timing of precipitation occurrences, 
stagnant pressure centers, etc. 

Visscher’s [l] work on Gulf  cyclogenesis is an extremely 
valuable aid in forecasting winter-time precipitation over 
the Southeastern  States. And, since it is intended pri- 
marily to help forecast those situations which in  the  past 
have been the most bothersome, its usefulness is the more 
outstanding.  There  are, however, numerous cases of 
precipitation that  are  not accounted for in his work. 
Norton [2] has suggested numerous helpful subjective aids 
to  the forecaster in  this  area  and while these suggestions 
are good, they  must  be applied in conjunction with 
ex-pericnce. Such subjective rules or aids cannot, in 
general, accurately  indicate the relative weight to be 
applied to  the different meteorological variables, and 
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many cases are  left open to question. Brier [3] has 
shown that a few, easily measured meteorological variables 
may be combined graphically in such a manner  as to 
arrive at  a rather good forecast through objective means. 
This investigation is roughly fashioned after his. 

This  study was made primarily to aid the forecaster 
making the forecast from the 0630 GMT surface map. 
The forecast period used is the 24-hour interval from 
1230 GMT of the  day  the forecast is made  to 1230 GMT 
of the next day.  The  data used to  construct the diagrams 
were taken from the 850- and 700-mb. pressure charts at  
0300 GMT. Forecast periods during which measurable 
precipitation (0.01 inch or more) in  any form occurred 
at  the  station were  classed as  “precipitation” cases. The 
periods during which a  trace or no rain was recorded were 
classed as “no-precipitation” cases. 

Data from the two winter seasons (December, January, 
and  February) 194546  and 1946-47,  were  used in pre- 
paring  scatter diagrams, and  data from the winter 194748 
were  used as test data.  The diagrams were  also tested on 
December  1948 and  January 1949 data  and  by  actual 
daily use during  February 1949. 

CLASSIFICATION  OF  CHARTS 

There  are a t  least  three  factors to be considered in 
making a forecast of precipitation: (1) available moisture, 
(2) means of moving i t  over the area in question, and (3) 
lifting to  result in precipitation of the moisture. Because 
variables selected to measure these factors  might  not have 
the same significance in different meteorological situa- 
tions, it seemed desirable to  stratify  the cases on a synoptic 
basis. Winter  time  precipitation at  Atlanta  may be of a 
number of different types depending on the synoptic 
situation, such as pre-cold-front rain, pre-warm-front rain, 
rain from developing Gulf waves, rain from stable waves 
along a cold front, etc. Although it would  seem desirable 
to classify the precipitation according to some particular 
type of surface chart, it  was the purpose of this  study 
only to make use of upper air data,  and therefore the 
stratification is based on 850- and 700-mb. charts. 

Each upper air  situation was  classed as either a  ‘(strong 
gradient” or ‘(weak gradient” type in order to  incorporate 
some measure of the  strength of airflow over t,he Atlanta 
area. The  type of chart was determined solely from 
conditions at  or  in  the vicinity of Atlanta.  A  “weak 
gradient” chart was  loosely  defined as one in  which the 
wind  speed at  Atlanta was Beaufort force 3  or less, OT 

which had  an indefinite or irregular spacing of the height 
contour lines (such as  near high centers or cols) in  the 
Atlanta area. A  ‘(strong  gradient”  chart was one in 
which the wind speed a t  Atlanta was Beaufort force 4 
or stronger and which had  a regular or definite spacing 
of the height contour lines in  the  Atlanta  area. In  
classifying these charts, no consideration was given to 
what the wind speed or contour lines might be a t  any 
fut,ure time. A date was  classed as a “strong  gradient” 

case if both  the 850- and 700-mb. charts were of the 
“strong  gradient”  type  and as a “weak gradient” case if 
either,  or  both, of the  constant pressure charts was 
classed as a “weak gradient’’ type.  This is a  rather 
subjective  and nonrigid classification. However, the 
simplicity aided greatly  in the construction of diagrams 
to fit each type  and few cases were found in which the 
application of the definitions wa,s questionable. It was 
found that a different set of diagrams, using different 
variables, was needed to give  good results for each of 
these two types. Although two sets of diagrams are 
needed, only one of these sets is used on any particular 
date  to make  a forecast by  this  method. 

STRONG  GRADIENT  CASES 

METEOROLOGICAL  VARIABLES 

Several variables that could be considered as measures 
of moisture, moisture advection, and  lifting were investi- 
gated  and various methods of combining them  in scatter 
diagrams were tried on the  “strong  gradient” cases, but 
those described  below produced the best results. The 
dew point at  a  point  upstream from Atlanta a t  850  mb. 
was utilized as  a measure of moisture at  that level, and 
the temperature difference at  850 mb. measured from 
Atlanta  to  the  point  upstream,  as  a measure of lifting. 
To determine the upstream  point to use in measuring the 
850-mb. temperature difference and dew point, the height 
contour line through  Atlanta was  followed upstream to a 
point between or near the first of the following  radiosonde 
stations encountered: Nashville, Little Rock, Lake 
Charles, New Orleans, Appalachicola, Charleston, or 
Greensboro. Since radiosonde observations only rarely 
fall exactly on the cont,our line, estimates were made by 
interpolation  and/or use of the analysis of the isotherms. 
If, for example, t#he contour line through  Atlanta passed 
through  a  point 100 miles south of Nashville but then 
curved southward so that  it passed through  Lake Charles, 
the point a t  which the temperature difference  was deter- 
mined was the point nearest Nashville. Exceptions to 
this rule were made  in cases in which a  trough existed 
west of Atlanta  but east of any of the radiosonde stations 
mentioned. In  these cases, the contour line was followed 
only to the trough line. Temperature difference as used 
in this study is simply the 850-mb. temperature a t  Atlanta 
minus the 850-mb. temperature  upstream. The dew  point 
was estimated a t  the same  upstream  point a t  the 850-mb. 
level. “Motor boating” humidities were  considered as 
zero amounts of moisture regardless of the temperature, 

At  the 700-mb.  level the dew point  upstream from 
Atlanta, determined in  the same manner as described for 
the 850-mb. data, was  likewise  used to measure the mois- 
ture.  A measure of moisture advection, lifting, and a 
classification of the 700-mb. chart types is provided by 
the  latitude of the 700-mb. height contour line upstream 
from Atlanta [3]. Suppose, for example, the contour line 
passes through New Orleans and reaches a minimum lati- 
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tude of 25' N. but  the mixing ratio is very low. The 
dew point value, if used alone, might indicate only a slight 
probability of precipitation, but with  a flow of air from 
the  Gulf, t,he moisture values are likely to be much higher 
a little further  upstream. On the  other  hand, suppose 
there has been extensive precipitation associated with  a 
deep low north of Atlanta.  The 700-mb.  dew point value 
may be high and  thus  indicate  a high probability of pre- 
cipitation. But if the contour line goes to high latitudes, 
a strong ridge of high pressure to  the west is indicated 
which precludes this high probability.  Thus, the  latitude 
of the  700-mb. height contour line also provides a numer- 
ical index of the  chart  type. Values of 20' N. usually 
indicate a warm high in  this area; values greater than 
37' N. indicate a strong ridge of high pressure to  the 
west; and values between 33' N. and 37' N. usually 
indicate a westerly flow over this  area. 

In determining the  latitude of the 700-mb. height con- 
tour line upstream from Atlanta,  the contour was not 
followed beyond 100"  W. In cases in which the height 
contour line passed through  Atlanta  in  a direction between 
280' and 360°, the value of the  latitude was taken at  the 
crest of the first ridge west of Atlanta  or a t  100' W. if 
the ridge  was west of this meridian. If a closed  low center 
existed east of Atlanta,  the contour line was  followed 
upstream to  the highest latitude. In all other cases, the 
contour line through  Atlanta was followed upstream  to 
the lowest latitude  east of the 100" W. 

SCATTER  DIAGRAMS 

The data at  850 mb. were  combined into  a  scatter dia- 
gram l and lines of equal relative frequency of precipita- 
tion  were drawn as shown in figure 1. In  analyzing this 
diagram for probability of precipitation the meteorologist 
might expect that with some lifting (warmer upstream and 
negative values of temperature difference) the probabiltiy 
of precipitation would be large if moisture were available. 
And, with no lifting (colder upstream) the probability of 
precipitation  would  become very small regardless of mois- 
ture. Further, with very strong lift.ing, the probability 
of precipitation would  become large even with low humidi- 
ties.  Also, in  this  latter case, a  strong negative tempera- 
ture gradient indicates a strong flow or strengthening of 
present  flow of air over the area.  Thus, one might expect 
that with large values of negative temperature  gradient, 
the probability of precipitation would  be high regardless 
of prese.nt moisture, The lines of probability on figure 1 
are drawn  in accord with these hypotheses, that is, vertical 
(independent of dew point values) both for large positive 
temperature gradient values and for large negative tem- 
perature gradients. Between these extremes, the lines of 

the  scales are  linear in terms of mixing  ratio, the  humidity  quantity on which the diagrams 
1 The  scatter  diagrams in figs. 1 ,2 ,  and 6 have nonlinear  scales in dew point.  However, 

were originally  based.  Conversion to dew point was to conform with  the present  practice 
of plotting  dew point on upper air charts. A mixing ratio scale is also given for use with 
upper air charts on which  mixing ratio is plotted. 

probability will depend both upon the  amount of available 
moisture and  the  temperature  gradient and will connect 
with the previously mentioned extremes. The  data  plotted 
in figure 1 seem to justify  this reasoning. Throughout 
this investigation dashed lines of equal probability  are 
used  in areas of the  scatter diagrams where the anaiysis is 
somewhat uncertain. 

Figure 2 is the  scatter diagram prepared from the  data 
a t  700 mb.  and analyzed by drawing lines of equal relative 
frequency of precipitation. For  latitude values greater 
than 34' N. (northerly flow into  Atlanta), it should be 
expected that  the probability of precipitation would be 
very small, regardless of moisture. And even those cases 
with precipitation should show small amounts  due  to show- 
ers or precipitation beginning very late  in the forecast 
period. With lower latitude values, say 25' to 30' N., 
the probability should increase and  be dependent upon 
moisture values. However, with  very low latitude values, 
say 20' N., the probability should again decrease but still 
be dependent upon moisture values. This is due to  the 
chart  type implied in these latitude values of the  contour 
line. That is, with a latitude value of 20°, the contour 
line passes far  south of Atlanta  and is probably  due  to the 
influence of the Bermuda  High  rather than  to a  trough 
west of Atlanta.  Thus, it  should be expected that lines 
of probability of precipitation would be curved and de- 
pendent upon moisture except that those cases with a 
strong ridge to  the west will be independent of moisture 
with small probability of precipitation. 

These two scatter diagrams were then combined (proba- 
bilities from data at  850 mb. (fig. 1) plotted  against those 
at  700 mb. (fig. 2)  for each date)  into  the final diagram 
shown in figure 3  to give the forecast for "strong gradient'' 
cases. A ('forecast" line was drawn  on  this combined 
diagram to give the best forecast for all cases, and which, 
at  the same time appeared  to be consistent with the analy- 
sis of the previous two scatter diagrams. Of the 6 months 
of original data,2 there were thirteen errors in 140 cases. 
That is, 91 percent of the ('forecasts'' were correct. 

EXAMPLE 

An example of a  ('strong  gradient" case that occurred on 
January 28, 1949,  is shown in figures 4  and 5. It is classed 
as  a "strong gradient" case because the gradient at 
both the 850- and 700-mb. levels is definite and  the winds 
are stronger than force 3 at  Atlanta. On the 850-mb. 
chart,  the  temperature difference upstream is "2" C .  
(11°-130 C.) and  the dew point at  that same  point is 8' 
C. These data entered on figure 1 show a probability of 
precipitation of 78 percent.  At the 700-mb. level, the 
dew point is 3" C. and the lowest latitude of the contour 
line through  Altanta is about 27.5' N. From figure 2 ,  
these data indicate  a  probability of 95 percent. And from 

diagrams, figs. 1, 2, 3, and 6. (See p. 67). 
2 Both original (dependent) and test  (independent) data are  plotted on the scatter 
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FIGURE 2.-Chart showing  probability of precipitation for “strong  gradient” cases from four seasons of d a h  Observed precipitation amount is plotted as a function of 7Wmb. dew 
point (or mixing ratio)  upstream and  latitude of the 700-mb. height  contour  line through  Atlanta. 
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Probability of Precipitation from Figure I 

FIOWE 3.-Foreost chart for “strong  gradient” cases comhiniig flgure 1 and flgure 2. The  line separates precipitation o s e s  (upper  right) from no-precipitation cases flower  left) 
plotted as a  function of the  probability  based on the  SMmb.  data  and  that based on the 700-mb. data. 

figure 3, these probabilities give a forecast for precipitation. of the  point where the  data were taken. Since the winds 
However, none occurred. This example is one in which are  quite  strong, this dry, cool air will reach  Atlanta  very 
subjective considerations can improve upon the forecasts soon. Also, note  that at the 700-mb. level the moisture 
from the diagrams alone. Note that  at  the 850-mb. level values drop off rapidly west of New Orleans and again the 
the temperature  and the humidity  are much lower just west winds are  strong. 
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FIGURE 4.”850-mb. chart for 0300 GMT,  January 28, 1949, illustrating a ‘‘Strong 
gradient” case. The dashed line indicates the height contour through Atlanta. The 

dmerenoe (1l0 C.-13O C.=-Z0 C.) were determined. These data entered in figure 1 
@ near New Orleans is upstream point where the dew point (8’ C.) and  temperatme 

give probability=78 percent. 

~~~ 

FIGURE 6.-70C-mb. chart for 0300 OMT,  January 28, 1949, illustrating a “strong gradi- 

wes determined, and  them just west of Corpus  Christi is the  upstream point where 
ent“ case. The @ near New Orleans is upstream point where the dew point (3’ C.) 

mined. Thesedata entered in figure 2 give probability=95 percent, which when 
the value (27.5’ N.) of the m i n i u m  latitude of the contour through Atlanta was deter- 

combined in figure 3 with  the  probability of 78 percent from figure 1, gives a forecast 
for “precipitation.” 

WEAK GRADIENT CASES 
METEOROLOGICAL  VARIABLES 

A height contour line does not have the same significance 
in  the cases of irregular or indefinite spacing of the  contour 
lines on the  constant pressure charts  as  it does in the 
“strong gradient” cases. That is, in “strong grsdient” 
cases, future advection may be approximated by following 
a contour line upstream. However, in  the case of “weak 
gradients,” small changes in height may change the height 
contour pattern so that following height contour lines up- 
stream  in these cases is of little  or no prognostic value. 
Therefore, some other means of measuring moisture, lift- 

ing, and movement of systems was  looked for. Numerous 
variables and combinations of them were tried but  the best 
results were found in a single diagram which  combines  the 
dew point values at  850 and 700 mb.  with  the longitude 
of the 700-mb. trough line. 

If the gradient on either the 850- or 700-mb. chart was 
classed as “strong,” the dew point for that level was  deter- 
mined in exactly the same way as previously described  for 
“strong gradient” cases. (Of course, only one of these two 
charts  may be classed as “strong” if the case  is treated as a 
“weak gradient.”) However, on any  chart  that was 
classed as “weak gradient,” the height contour line was 
followed upstream from Atlanta only, to a point midway 
between Atlanta and  the first of the previously mentioned 
radiosonde stations encountered near the contour line. 
The dew point was determined a t  this  point. As in 
“strong gradient” cases, if a  trough existed west of Atlanta 
but east of any of the radiosonde stations mentioned, the 
contour line was  followed only to this trough line. The 
combination of the two dew points  into a single  humidity 
value is discussed in the next section. 

The longitude of the 700-mb. tough line provides some 
measure of lifting as well as moisture that will  affect  the 
Atlantic area during the forecast period. And, like the 
latitude of the 700-mb. contour line, the longitude of  the 
trough line provides a numerical index of map  type. The 
longitude of the trough line nearest Atlanta was  deter- 
mined along the 34th parallel between 80’ W. and 120’ 
W. If there was  no trough along this parallel and within 
this range, the longitude of the trough line was assigned 
a value of 120’. 

SCATTER  DIAGRAM 

The  scatter diagram shown in figure 6 was prepared by 
plotting  a combined value of the dew point at  850 mb. 
and  that  at 700 mb. against the longitude of the trough 
line. The combined value that is used as  the ordinate 
in  the  scatter diagram is the sum of the mixing  ratios 
corresponding to  the two dew points. Since  dew point 
is a nonlinear function of mixing ratio, the graph  in figure 
6 8  was prepared to facilitate  the combination of the dew 
points. Figure 6A is entered with the 850-mb. and 700- 
mb. dew points and the slanting line thus obtained is 
followed upward to  the  right until it intersects the ordinate 
scale which  gives the mixing ratio value to  be used in 
entering the  scatter diagram, figure  6B. 

After the  data  had been plotted  on the  scatter diagram, 
a “forecast” line was drawn  by inspection to best sepa- 
rate precipitation cases from those in which no precipita- 
tion occurred. At longitude 88.5’  W. and less, it may 
be noted that  the forecast depends solely upon the longi- 
tude  and is independent of moisture. That is, if a trough 
is already east of this meridian, it will normally move on 
through so that no precipitation falls a t  Atlanta 
during the forecast period. There was 1 error in  the 40 
dependent cases, or about 98 percent of the cases were 
on the correct side of the “forecast” line. 
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EXAMPLE 

An example of a “weak  gradient” case that occurred on 
December 24, 1947, is shown in figures 7  and 8. It is 
classed 8s a “weak  gradient” case both because the wind 
at 850 mb. a t  Atlanta is force 2, and because of the ir- 
regular spacing of the contour lines in the  Atlanta  area. 
While the  gradient is “strong” at  700 mb., the classifica- 
tion is determined by  the gradient a t  the weaker level.  As 

FIQUBB 7.-850-mb. chart for 0300 QMT, December 24, 1947, illustrating a “weak  gradi- 

the upstream point  where  the dew point (”3’ 0.) was  estimated. 
ent” m e .  The dashed  line  indicates  the  height  contour  through  Atlanta. The 63 is 

FIGURE 6.-Forecast chart for “weak gradient”  casesfrom four  seasons of data.  Chart A 
graphically  combines  the 850-mb. dew point (or  mixing ratio)  with the 700-mb.  dew 
point (or mixing ratio),  giving  the  sum  (slanting  lines) of the mixing ratios at  the two 
levels. Observed  precipitation  amount is plotted on Chart B as a function of this 
mixing ratio sum and of the longitude of the 700-mb. trough line. The line  separates 
precipitation cases (above) from no-precipitation cases (below). 

the 850-mb. gradient is classed as “weak”, the  point 
where the dew point  is  taken (fig. 7) is about midway 
between Atlanta  and New Orleans. This value is esti- 
mated as ”3’ C. At  the 700-mb.  level, the gradient is 
“strong”, so the dew point is estimated as ”24’ C, be- 
tween Little Rock and  Lake Charles. (Since  dew points 
cannot be linearly interpolated, the scale on figure 6A 
was  used in these interpolations.) These moisture values 

FIGURE 8.-700-mb. chart for 0300 QMT, December 24,1947, illustrating a “weak  gradi- 
ent” m e .  The dashed  line  indicates  the  height  contour  through  Atlanta. The @ on 
this  contour is the  upstream  point  where the dew point (-24” C.) was  estimated. The 

along the  trough  line is the point  where  the  longitude  value (96” W.) was  taken. 
These  values  together  with the ”3” 0. dew point  taken from W m b .  chart (fig. 7, 
when  entered in figure 6 give a forecast  for “precipitation”. 
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were  combined by entering the 850-mb. and 7OO.mb. 
values of the dew point in figure 6A and following the 
slanting line upward to  the  right  to  the mixing ratio 
value of 4.4 gr/kg. This value was then  plotted  against 
the longitude of the 700-mb. trough line (96’ W. in  this 
case) in figure 6B. The forecast is for precipitation. 
Rain (0.42 inch) occurred. 

RESULTS OF METHOD 

As already stated,  the “forecast” lines on figures 3 and 
6 were drawn by inspection to give a separation of “pre- 
cipitation” from “no-precipitation” cases.  Good separa- 
tion was achieved, for considering both weak and  strong 
gradient cases for the two seasons (180 cases) of dependent 
data  the forecasts from these  charts were incorrect 14 
times, or 92 percent of all cases  were correctly “forecast”. 
The next step was to determine how well the method 
would hold up  on independent data. 

TESTS ON INDEPENDENT  DATA 

This forecasting scheme  was tested  on independent 
data from the 3 months of the 1947-48 winter season. 
The diagrams produced three incorrect forecasts in 72 
strong  gradient cases and  2 incorrect forecasts in 28 weak 
gradient cases. This is an accuracy of  94 percent with 
a skill score a of 0.89. The errors were all caused by fore- 

: The skill score, S., as used here is defhed  as 

8O-T- 
C-Ea 

to chance, andT=totalnumber offorecasts. The  value of E. for forecasts  of “precipita- 
where C=number of  correct foremts,  Eo=number of forecasts expected  to he correct due 

tion”  and  “no-precipitation” is given by 

EO=PXFI+N(~”F~) 

casts, N-number of forecasts of “no-precipitation’’ during  this period, Fr=relative 
where P=number of forecasts of “precipitation”  during  the  period  covered  by  the fore- 

frequency of occurrence of precipitation cases during  this period. 

casts for precipitation when none occurred. This method 
was in  actual use during  February 1949 and was also tested 
on December and  January of this season. The results are 
shown in table 1. 

COMPARISON  WITH  CONVENTIONAL  FORECASTS 

In  order to determine the usefulness of the forecasts 
from  the diagrams, it is necessary to compare these fore- 
casts with those made using conventional methods. To 
accomplish this, a check of the Weather  Bureau district 
forecasts for the same seasons and periods was made. If 
the  district forecast carried no precipitation for both the 
first and second 12-hour periods, it was  considered as a 
forecast of no-precipitation for the 24-hour period. If 
precipitation was forecast in either or both periods, it was 
considered as a forecast of precipitation. There  are several 
reasons why this  system of verification does not present 
a  true  picture of forecast ability when applied to  any one 
or only a few forecasts. However, if there is an appreciabIe 
difference in accuracy between these two methods of fore- 
casting, it should become apparent when the two methods 
are compared over the four seasons used here. The corn- 
parison is given in  table 1. It is somewhat unfair to 
compare the forecasts made by  the district forecasters with 
those made from the diagrams for the first two seasons 
since the diagrams are based on these data.  For this 
reason, skill scores  were not computed for these seasons. 

It is important  that  any objective forecasting method 
result in consistently good forecasts and  not be subject to 
large variations in accuracy from time to time. It is 
significant that there was no month  in which the forecasts 
made from the diagrams were in error as  many times as 
the official forecasts. Thus,  the diagrams give consistently 
good results even though there  are  monthly  and seasonal 
variations. And, while the results from the independent 
data indicate some  lessening of accuracy, the accuracy of 
the official forecasts decreased an even larger over-all 
amount for these two seasons. 

TABLE 1.-A comparison between forecasts from the diagrams and  district  forecasts by  conventional methods 

*P=Precipitation 
N=No precipitation 

I 

f December .___...____ I 
$ 1 January ._._______.___ 
O B  K 

February ____.._____. N 

Total for season..-.(; 

Percent correct __._______.________ 
Skill score 

Number of forecast cases 
~“ “ “ 

Dependent 
~ - _ _ ”  

Independent 

1947-48 I 194849 194546 I 194&47 

___- -I ~ ” _ _ _  

District  Diagrams  District  Diagrams  District  Diagrams  District Diagrams 

P N P   N P   N P  N P  N P   N P   N P  N 
” _ _ ~ _ _ _ _ _ _ _ ~ ~ ~ ”  

14 1 14 1 11  4  14  1  9 
4 12 1 15 1 15 2 14 4  18 3 18 6 15 

0 5 5 9 1  ____ 
4 1 5   1 1 8   1 2 0   0 2 1   4 1 3  13 1 16 1 16 

34 2 32 4 18 11  25 
14  40 2 52 3  58 4 547 ? ii 1 ’! 47 1 5 51  11  45 

0 18  15  31 3 
”___ “ - ~ _ _ _  

I 
- 1 -  

Total for 4 seasons 

“” 

District  Diagrams 

; T I P  N 

3i 1 ‘i 71 
2 

80 
(7;- 
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TABLE 2.-A summary of the comparison between precipitation 
amounts  missed by the forecast  diagrams  and those by conventional 
methods when no precipitation  was forecast 

1945-46 I- 
Precipitation observed 

.%.lo """"""""""""""""""" 1  2 

.OR01 """"""""""""-"""""" ~ 1 2 
Total errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2  4 

It is also important that  an 

1946-47 I 1947-48 

"" - -  2 -  
2 -  4 -  
4 1 2 -  
5 3 G -  

11 4 14 O 

1948-49 Total 
" 

.L? .m 
A R  3 5  
Y 

" 

2 -  2 -  
2 1  4 1  
3 1  9 1  
1 -  8 3  

15  3 42  11 
7 1  1 9 6  

objective forecasting 
method not be  subject  to large errors-. If, for example, 
the increased percentage of correct forecasts was due  to 
fewer small errors, an objective forecast aid  still  might 
not  be a help to the forecaster. Table  2 shows the  amounts 
of precipitation which occurred with no-precipitation 
forecasts.  Again, a comparison of the first two seasons is 
not valid, but  it is shown to  illustrate the differences by 
amounts and  by seasons. The forecasts from the diagrams 
result in no large variations by seasons or between the 
dependent and independent data. Also,  fewer large 
amounts of precipitation were  missed by  the forecast 
diagrams. 

One  of the most important  facts shown by  the analysis 
of incorrect forecasts made by using the diagrams is that 
during the four  winter seasons, only twice  when the 
forecast (from the diagrams) was "no rain" did rain begin 
before  1930 EST of that day.  This is a  very  important 
feature because it virtually eliminates cases of rain 
beginning during the  day when none had been forecast. 
And at  the same time, this  method does not  result in a 
disproportionately large number of incorrect forecasts for 
precipitation.  On the  other  hand, the district forecasts 
had 22 errors due  to  a "no-precipitation" forecast when 
measurable rain began before  1930 EST. 

RESULTS  FROM 1500 GMT DATA 

The question naturally arises as  to whether similar 
results can be obtained using 1500 GMT  data.  Data for 
this time were  compiled and analyzed independently, 
using the 24-hour period from 1930 EST to 1930 EST for 
.verification. There  appeared  to be no real differences in 
the patterns of the analyses on the  scatter diagrams for 
either the strong or weak gradient cases. In  fact, the 
patterns and probabilities were so nearly the same that 
the original diagrams may be used in  actual practice for 
both forecast periods. Actually, the over-all accuracy 
appears to be a little  better, although there was  also a 
slight increase in  the accuracy of the official forecasts made 
from the 1830 GMT surface maps covering this period. 
Obviously, forecasts made at  12-hour intervals by  this 
method would provide a "timing factor" which  would 
enable the forecaster to place the beginning of rain  in  the 
proper 12-hour  period. 

RESULTS OF INCREASING SAMPLE SIZE 

Better results should be expected through the use of the 
four seasons of data now available rather  than  the original 
two seasons. So, these data were  used in reanalyzing the 
scatter diagrams. There were no significant changes 
either  in the analysis of the diagrams or  in  the "forecasts" 
from them. For  this reason, only the diagrams  with data 
from four seasons are shown here. Most of the errors 
found in  the analysis of the four seasons were the same 
ones found using the original two seasons of data. 

OTHER VARIABLES INVESTIGATED 

Other variables investigated in  the course of this  study 
may be of interest to  other meteorologists working on 
similar problems. These are discussed  briefly in this 
section. 

An attempt  to  obtain some measure of development of 
waves or lows in the Gulf of Mexico was made  through use 
of the 12-hour sea level pressure change at Lake Charles or 
Burwood. This variable was helpful in  many cases but 
frequently it was completely misleading. When, for 
example, a cold front moves rapidly from the  north  to  the 
Gulf, the 12-hour pressure changes show large positive 
values. But,  in many cases, the  front  stagnates  and  active 
over-running occurs over the southeastern states within the 
33-hour  period from the time of the sounding to  the end of 
the verification period. Also, there was no apparent 
relation between the distance the  front would move over 
the Gulf of Mexico and  the  magnitude of the 12-hour 
pressure rise behind a cold front moving out over the Gulf, 
the 12-hour pressure falls ahead of it, and  the  distance the 
12-hour pressure rise center had moved. Thus, in  this 
study  the 12-hour pressure changes were of no use. 

Surface dew points  upstream from Atlanta were investi- 
gated as a possible measure of warm front  activity,  but ' 

they  apparently  contributed  nothing more than mixing 
ratios aloft. And in cases of rapid movement of systems, 
this variable reacts too slowly. No data from the sea 
level analysis could be used in  this  study. 

The longitude of the 700-mb. trough is usually helpful 
but  apparently does not  contribute  anything more than 
the variables used except in weak gradient cases. The 
12-hour height change at  the 700-mb. level is frequently 
helpful, but like the 12-hour sea level pressure changes, it is 
sometimes completely misleading. 

Continuous precipitation  during the winter season in 
this area usually starts above the 700-mb.  level. So, early 
in  this investigation some measure of over-running was 
attempted  by using the 700-mb. temperature difference 
upstream from Atlanta  in  the  same  manner  that  the 850- 
mb.  temperatures were finally used. But,  as Visscher [l] 
suggests, the 850-mb. analysis is apparently much more 
useful in forecasting precipitation  in  this  area.  Indeed, 
only a small improvement (about  5 percent) was found 
here by combining data taken from both  the 850- and 
700-mb. analyses. 
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CONCLUSIONS 

This investigation clearly shows that improved precipi- 
tation forecasts for the  Atlanta  area can result from 
systematic utilization of 850- and 700-mb. data. Com- 
paring  the  results of this  study with official district fore- 
casts indicates that  the percentage of correct precipitation 
forecasts during the winter season may be increased by 
about 10 percent through the use of this method. At the 
same time, and of even greater importance, this forecasting 
method shows definite improvement in forecasting those 
cases of large amounts of precipitation. Since it is espe- 
cially accurate during the first 12-hour period, its usefulness 
is again demonstrated by  the  rare occasions  when pre- 
cipitation does occur on  a no-precipitation forecast. 
Apparently, from these four seasons of data, there is no 
appreciable change in the analysis of the  scatter diagrams 
nor in  the accuracy of the forecasts from them,  by adding 
two more seasons of data  and reanalyzing the  scatter 
diagrams. Thus, it would  seem that  any increase in the 
sample size will not materially affect the results of this 
investigation. 

One weakness of this method of forecasting precipitation 
is the manner of evaluating the advective  temperature 
and dew point. Somewhat better  results might be 
obtained by giving more consideration to wind speeds 
aloft. In  cases of weak or indelinite pressure gradients, 
following a contour line upstream is not always repre- 
sentative of the probable advective change. If a stagnant 
or slow-moving high is over the  Atlanta  area  with high 
humidities, a forecast for precipitation  is sometimes in 
error.  This latter example is the most frequent cause of 

an incorrect forecast of precipitation by this method. 
And, even though the  gradient is strong and smooth, there 
will  be errors due  to  stagnant systems or  rapid movement. 
However, these conditions will usually be apparent  to the 
forecaster and at  any  rate  it is believed that further 
complication of the method to  obtain  a  very small increase 
in accuracy is not justified. Subjective considerations, 
such as experience or suggestions given in  this paper, 
should add  further  to  the improvement of precipitation 
forecasts during  the winter season at Atlanta. 
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